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We have constructed a pressure— temperature (P—T) phase diagram of P-induced superconduc- 
tivity in EuFe2 As2 single crystals, via resistivity (p) measurements up to 3.2 GPa. As hydrostatic 
pressure is applied, the temperature To where an antiferromagnetic (AF) transition of the Fe mo- 
ments and a structural phase transition occur shifts to lower temperatures, and the corresponding 
resistive anomaly becomes undetectable for P > 2.5 GPa. This suggests that the critical pressure P c 
where To becomes zero is about 2.5 GPa. We have found that the AF order of the Eu 2+ moments 
survives up to 3.2 GPa, the highest pressure in the experiments, without significant changes in the 
AF ordering temperature Tn. The superconducting (SC) ground state with a sharp transition to 
zero resistivity at T c ~30K, indicative of bulk superconductivity, emerges in a pressure range from 
P c ~ 2.5 GPa to ~ 3.0 GPa. At pressures close to but outside the SC phase, the p(T) curve shows 
a partial SC transition (i.e., zero resistivity is not attained) followed by a reentrant-like hump at 
approximately Tn with decreasing temperature. When nonhydrostatic pressure with a uniaxial- 
like strain component is applied using a solid pressure medium, the partial superconductivity is 
continuously observed in a wide pressure range from 1.1 GPa to 3.2 GPa. 

PACS numbers: 74.62.Fj,74.25.Dw,74.25.F-,74.70.Xa 



I. INTRODUCTION 



Over the last decades, understanding of unconven- 
tional superconductivity in strongly correlated systems 
such as cuprate and heavy fermion materials has been one 
of the most intriguing issues in condensed matter physics. 
Despite intensive research efforts, many questions are left 
unanswered, especially concerning the interplay between 
superconductivity and magnetism. The recent discovery 
of a new class of superconductivity in iron-based mate- 
rials— has opened another route to better understand- 
ing the interplay, as well as the high transition tempera- 
ture (T c ) mechanismi 2 - Shortly after the discovery of su- 
perconductivity in LaFcAs(0,F) at T c = 26K;i T c was 
markedly enhanced up to 54-56K— ~— in the "1111" sys- 
tem (PFcAsO; P = rare earth). Thus far, a variety of 
related compounds with stacked iron-pnictide (or iron- 
chalcogenide) layers have been found. The crystal struc- 
ture spans rather three-dimensional FcSc- with the sim- 
plest form, to highly two-dimensional S^ScFePOa— con- 
taining pcrovskite layers. 

EuFe2As2, categorized as a moderate two-dimensional 
"122" system (AFe 2 As 2 ; A = alkaline earth or Eu) with 
a tetragonal ThCr2Si2 structure, turns out to be a 
unique pressure- (P-) induced antiferromagnetic (AF) 
superconductor^— At ambient pressure, EUFC2AS2 un- 
dergoes an AF order related to the FeAs layers at 
To^lQOKfi 4 ^— which is accompanied by a structural 
transition.— As commonly reported in other "1111" 
and "122" systems j 1 -* 1 ^— doping— ~— or application 
of pressure— li 3 - suppresses the AF/structural transition, 



and eventually induces bulk superconductivity with the 
T c value of 20-30K. One distinctive characteristic of 
EuFe2As2 is that the localized Eu 2+ moments show an 
AF order at T N - 20 Ki*SriL2£ The AF order of the Eu 2+ 
moments is less sensitive to applied pressure^r— and 
is detectable even inside the bulk superconducting (SC) 
phase^ii 3 - This leads to the peculiar T-dependence of the 
upper critical field for the P-induced superconductivity, 
as presented in our previous reports^iii It has also been 
suggested from recent high-pressure magnetic and calori- 
metric measurements— that the AF order (Eu 2+ ) sur- 
vives under applied pressure up to about 8 GPa, above 
which it probably turns into a ferromagnetic order. 

Application of pressure has been established as an ex- 
cellent probe for precisely tuning ground states, with- 
out a random potential or disorder, generally produced 
by elemental substitutions. However, particular atten- 
tion should be paid to the fact that the hydrostatic- 
ity of applied pressure is crucially important to in- 
vestigate the intrinsic superconductivity in iron-based 



systems 
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On this point, EuFc2 As2 has a significant 



advantage because the critical pressure P c , where To — > 
and the bulk superconductivity appears, is as relatively 
small as 2.5- 2.7 GPa^— which can be achieved using 
a piston-cylinder-type pressure device. For comparison, 
the P c values for SrFe 2 As2 and BaFe2As2 are reported 
to be 4 - 5 GPa^9 and _ 1Q Qp & 30 respectively. Thus, 
EUFC2AS2 provides a significant opportunity for precisely 
probing the P-induced superconductivity and its inter- 
play with the two different types of magnetism. 

In this paper, we present the detailed P-T phase dia- 
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gram of P-induced superconductivity in EUFC2AS2 single 
crystals, deduced from the high-pressure resistivity mea- 
surements up to 3.2 GPa. It is found that, when highly 
hydrostatic pressure is applied, the P-induced SC state 
emerges with T c ~ 30 K in a narrow pressure range of 
2.5 GPa to ~ 3.0 GPa, coexisting with the AF order of 
Eu 2+ moments below T N ^20K. We also discuss differ- 
ences in hydrostatic and nonhydrostatic pressure effects 
on the P-induced superconductivity in EUFC2AS2. 



II. EXPERIMENTAL DETAILS 



Single crystals of EuFe2As2 were grown by the Bridg- 
man method from a stoichiometric mixture of the con- 
stituent elements. In this study, we used several crystals 
labeled as samples #l-#5, which were taken from the 
same batch (Residual resistivity ratio RRR = 7) as used 
in our previous works High-pressure resistivity mea- 
surements up to 3.2 GPa have been performed under zero 
applied magnetic field in a 4 He cryostat down to 1.6 K, 
using a clamped piston cylinder pressure device^ Elec- 
trical resistivity was measured by a conventional four- 
probe method with an ac current of 7~0.3mA (fre- 
quency: 10 ^20 Hz) for the direction I \\ ab. We used 
two types of pressure-transmitting medium, Daphne 7474 
(Idemitsu Kosan)— and Stycast 1266 (cured by Cata- 
lyst), to produce a hydrostatic or nonhydrostatic pres- 
sure, respectively, as shown in Fig. [TJ Daphne 7474 re- 
mains in the liquid state up to 3.7 GPa at room tem- 
perature (RT)j2i To avoid an abrupt solidification of the 
pressure medium, which could be a cause of nonhydro- 
static pressure, the cooling speed was regulated at an 
average value of 0.5K/min. The generated pressure was 
determined at 4.2 K from the relative resistance change of 
Manganin wires. The insulation-coated Manganin wires 
with a diameter of 0.1 mm and a resistance of 0.7 il/cm, 
which were coiled a few turns, were exposed to high pres- 
sure and low temperature a few times in advance before 
the measurements. It should be noted that the resis- 
tance of Manganin wires was always measured under the 
same hydrostatic condition using Daphne 7474 pressure 
medium (Fig. [TJ. This permits a direct comparison of 
the pressure values for all the setups, irrespective of the 
employed pressure medium, as in Fig. [H^e). In this pa- 
per, we present three independent resistivity experiments 
using (i) samples *T and *2 and Manganin^a and #b 
(Daphne 7474), (ii) sample * 3 (Daphne 7474) , and (iii) 
sample #4 and #5 (Stycast 1266). The assemblies of the 
samples and the Manganin wires are illustrated in Fig. [TJ 
Note that P = GPa data were obtained by applying a 
pressure of 0.2 GPa at RT, considering a reduction of 
pressure with decreasing temperature. 




FIG. 1: (Color online) Simplified schematic views of as- 
semblies for the high-pressure resistivity measurements: (a) 
samples *1 ( 3) and # 2, and Manganin # a and # &, (b) 
samples *4 and *5, and Manganin # c. Samples # l-*3 and 
all Manganin wires are immersed in Daphne 7474 pressure 
medium, whereas samples* 4 and *5 are fixed by cured Sty- 
cast 1266. An external load is applied parallel to the longitu- 
dinal axis of a pressure cell as indicated by arrows. 



III. RESULTS AND DISCUSSIONS 

A. High-Pressure Resistivity Data 

Figure [^ a) shows the temperature dependence of the 
resistivity, p(T), of EuFe2As2 (sample #1; Daphne 7474) 
under hydrostatic pressures up to 2.6 GPa. At OGPa, 
p(T) shows cusp-like behavior at To = 188 K as indicated 
by an arrow. This is attributed to the AF transition 
related to the FeAs layers^ - — which coincides with 
a structural transition from tetragonal to orthorhom- 
bic symmetry^ With increasing pressure, the resistive 
cusp is gradually suppressed and shifts to lower temper- 
atures. As indicated by arrows in Fig. H^b), we define 
To as the temperature where dp/dT exhibits its mini- 
mum. The minimum in dp/ 'AT can be identified up to 
2.4 GPa, although only faintly visible at 2.4 GPa. At 
2.6 GPa, resistivity follows approximately T-linear be- 
havior in a broad temperature range above T c = 30 K 
without a noticeable signature associated with To, consis- 
tent with previous reports! 9 ' 11 ' 12 Thus, the critical pres- 
sure P c , where To— >0, is about 2.5 GPa^ It remains 
to be resolved whether the simultaneous AF/structural 
transition in EuFe2As2 splits into two individual tran- 
sitions by applying pressure. A separation of the two 
transitions might explain broad transitions observed un- 
der high pressure. The separation has been observed 
in "1111"^ and doped "122" compounds— at ambient 
pressure. 

As shown by arrows in Fig. [He), the AF order of 
the localized Eu 2+ moments under applied pressure is 
evidenced by distinctive changes in p(T) around 20 K. 
It is of interest that the shape of the p(T) curve near 
T N varies with increasing pressure. For low pressures 
(P< 0.6 GPa), p(T) exhibits a sudden decrease below 
Tn- For 1.1 < P < 1.9 GPa, p(T) shows an enhancement 
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FIG. 2: (Color online) (a) p vs T of EuFe 2 As 2 (sample # 1; 
Daphne 7474) under several pressures up to 2.6 GPa. The 
anomaly at To is due to an AF transition of the Fe mo- 
ments and a structural phase transition. Tn is an AF or- 
dering temperature of the Eu 2+ moments, (b) dp/dT vs T 
for P < 2.4 GPa. Arrows indicate To where dp/dT exhibits its 
minimum, (c) Expanded view of p vs T. T° n at 1.9 GPa in- 
dicates an onset temperature of the SC transition. The data 
in (b) and (c) are vertically shifted for clarity. 



at Tn followed by a peaklikc behavior as temperature de- 
creases. A similar feature in p(T) at Tn has also been 
observed in several AF metals with localized moments 
and is generally attributed to a superzone effect arising 
from a gap formation associated with a periodic arrange- 
ment of the magnetic moments^ At 1.9 GPa. one can 
see a resistive kink at 31 K, which we ascribe as an onset 
temperature of a SC transition (T c on ). With increasing 
pressure, the kink evolves into a marked decrease in resis- 
tivity below T° n , and the SC transition attains zero resis- 
tivity at 2.4 GPa for this sample, although the transition 
width is very broad. At 2.6 GPa (> P c ), where the bulk 
superconductivity was confirmed by our ac-susceptibility 
(x) measurements^ p(T) shows a sharp SC transition to 
zero resistivity. The humplike behavior attributed to Tn 
is distinctly signaled below T c on for 1.9 GPa and 2.2 GPa, 
but not for 2.4 GPa and 2.6 GPa. 

Figure [2ta) shows the low-temperature magnification 
of p(T) data for EuFe2As2 (sample #3; Daphne 7474), un- 
der several pressures up to 3.2 GPa. Unlike the result for 
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FIG. 3: (Color online) (a) Low-temperature expanded view of 
p(T) data for EuFe2As2 (sample # 3; Daphne 7474) under sev- 
eral pressures up to 3.2 GPa. As illustrated in the inset using 
the data at 2.9 GPa, T° n and T c p=0 are determined by the on- 
set and p = of the SC transition, (b) p(T) data at 2.5 GPa 
for several current values up to I = 200 mA (~ 500 A/cm 2 ). 
Shifts of SC transitions and resistive humps to lower temper- 
atures as current increases may not be intrinsic, and are most 
likely attributed to a Joule heating effect. 



the sample #1, the p(T) curve at 2.4 GPa shows a partial 
SC transition, but it does not reach zero resistivity. As 
pressure increases, the SC transition gradually shifts to 
lower temperatures. At 3.1 GPa, with decreasing temper- 
ature, p(T) exhibits a slightly broader transition to zero 
resistivity, followed by a humplike behavior, and then re- 
turning to zero resistivity again. At 3.2 GPa, the p(T) 
curve with the humplikc behavior no longer reaches zero 
down to the lowest temperature of 1.6 K. It is noted that 
the resistive hump is observed at similar temperatures 
at 2.4 GPa and 3.2 GPa. This is consistent with the re- 
sults of p, ac-x and ac-calorimctry measurements under 
higher pressure,— which demonstrate that the AF order 
of the Eu 2+ moments remains up to ~ 8 GPa with only 
a moderate increase in Tn- 

The width of the SC transition AT C , defined as 
T° n ~T c P=°, is estimated to be 1.5 K at 2.5 GPa [see the 
inset of Fig.^a) for the definition of T° n and 7^=°]. As 
shown in Fig. [4j with increasing pressure, the transition 
becomes sharper, and, at 2.7 GPa, AT C shows a minimum 
value of IK (or 0.6 K when the width is defined by the 
90% and 10% values of the normal state resistivity at 
T° n , as often used in other reports). 

Figure G^b) shows p(T) data of EuFc 2 As 2 at 2.5 GPa 
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(~P C ) under several current values up to 1 = 200 mA, 
which corresponds to the current density of ~ 500 A/cm 2 . 
At 0.3 mA, the p(T) curve exhibits a sharp SC transition 
without a reentrant-like hump due to the AF order of 
the Eu 2+ moments. At 50 mA, one can slightly see an 
appearance of the humplike behavior around 22 K, most 
likely attributed to Tn. With increasing current up to 
200 mA, the hump becomes more noticeable, although 
the resistivity peak is only 0.2 /ificm at 200 mA, ~0.4% 
of the normal state resistivity at T° n . The appearance 
of the hump probably means that the magnitude of the 
critical current J c is reduced around Tn with the devel- 
opment of the AF order of the Eu 2+ moments. A similar 
reentrant-like hump near Tn was reported in several AF 
superconductors such as NdRhB,4,— Gdi^HogSs,— and 
HoNi2B2C4i It must be noted that a Joule heating effect 
is the main reason why the SC transition, as well as the 
resistive hump, has shifted to lower temperatures with an 
increase in the current^ 2 - However, this does not affect 
the above discussion. 
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B. Pressure- Temperature Phase Diagram 

In Fig. |4l we illustrate the P—T phase diagram of the 
characteristic temperatures, T , Tn, and T c (T c on and 
TP=°) in EuFe 2 As 2 (samples #1 - *3; Daphne 7474), de- 
termined from the p(T) data under hydrostatic pressures 
up to 3.2 GPa. Our findings on the phase diagram are 
summarized as (i)-(iv). (i) The pressure evolution of To 
and Tn is consistent with that obtained by Miclea et al. 
(Refill) and Matsubayashi et al. (Ref fl3l) . To disappears 
for P > 2.5 GPa (P c ^2.5 GPa), whereas Tn survives up 
to at least 3.2 GPa. (ii) T c on emerges from 1.9 GPa, al- 
though the partial SC transition with nonzero resistivity 
is probably filamentary for P < 2.4 GPa, as was revealed 
by previous ac-% measurements at 2.2 GPa^ Likewise, 
nonbulk superconductivity for the 3.2 GPa data can be 
inferred from the similar partial SC transition, (hi) At 
2.4 GPa (<P C ), the SC transition attains zero resistivity 
for some samples such as samples *1 and #2 (not for sam- 
ple #3), but the width is broadened (AT C ~5K). This is 
likely due to an internal strain and/or composition inho- 
mogeneity, which may bring To at some parts of a 
crystal, and consequently induce partial superconductiv- 
ity. A similar scenario can also be applied to the 3.1 GPa 
data where the width of the SC transition to zero resis- 
tivity is broadened, (iv) Bulk superconductivity exists in 
narrow pressures of 2.5 GPa (~ P c ) to ~ 3.0 GPa, judging 
from the sharp SC transitions to zero resistivity. 

Ref[H shows that a partial SC transition with a 
reentrant-like hump is continuously observed up to 
2.6 GPa even above P c , whereas it is noticeable only 
at the outer boundaries of the SC phase (P < P c or 
P > 3 GPa) in our case. As claimed in Ref.[l3| and sup- 
ported by our results in the followingsection, the absence 
of zero-resistivity transition in Ref.|8| may be caused by 
a nonhydrostatic pressure effect. 



FIG. 4: (Color online) P-T phase diagram of T , T N , 
T c , and AT C (= T° n - T p=0 ) in EuFe 2 As 2 (samples # 1 - #3; 
Daphne 7474), deduced from the p(T) data up to 3.2 GPa. 
PM, AFM and SC indicate the paramagnetic, antiferromag- 
netic and superconducting states, respectively. For the SC 
state, open and solid symbols indicate T° n and T c p , respec- 
tively. As indicated by an arrow, the critical pressure (P c ), 
where To —> 0, is about 2.5 GPa. Dashed curves are eye guides. 
For comparison, data from Refs.@ and[T3 are also shown. 



The loss of bulk superconductivity above ~ 3 GPa, 
which we found, is in conflict with a previous claim in 
Ref.0 that a P-induced SC state in EuFe2As2 exists up 
to 16 GPa, and that the T c value attains its maximum 
of 41 K around 10 GPa. In Ref.|H, tiny resistivity drops 
observed in the wide pressure range were attributed to 
SC transitions. However, those drops are most likely due 
to magnetic ordering of the Eu 2+ moments as clearly 
demonstrated by magnetic measurements on EuFe2As2 
in Ref.Qjl The claim in Ref.0 that EuFe 2 Asi. 4 P .6 su- 
perconducts up to ~ 20 GPa is also questionable, since 
the superconductivity is based only on observations of 
slight resistivity drops. 

Recently, systematic studies of P-doping effects at As- 
site in EuFe2As2 have been reported^ The phase dia- 
gram as a function of dopant concentration is roughly 
consistent with that as a function of pressure. For 
both cases, the SC phases are confined in a narrow 
dopant/pressure regime, whereas magnetic orders of the 
Eu 2+ moments remain in all dopant levels or up to ex- 
tremely high pressures (~ 20 GPa^). On the other hand, 
there seems to be a difference between the two tuning pa- 
rameters regarding at which concentration/pressure the 
magnetic order of the Eu 2+ moments changes from AF to 
FM^ The AF/FM transition occurs at about 8 GPa, 
a much higher pressure than that of the SC phase for the 
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FIG. 5: (Color online) Comparison of p(T) data of EuFe2As2 
for samples # 1 (open circles) and *2 (dotted curves), si- 
multaneously measured using Daphne 7474 pressure medium. 
The data are arbitrarily shifted in the longitudinal direc- 
tion for clarity. The inset displays a resistance change ratio 
AR (left axis) and the corresponding pressure value (right 
axis) obtained at 4.2 K for Manganin *a and *b as a func- 
tion of the externally applied load. Sample *1 and Man- 
ganin *a are aligned parallel to the load axis, and sample # 2 
and Manganin* 6 are in the perpendicular direction, as shown 
in Fig. [Ha). 
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pressure case^ whereas it coincides with the boundary 
of the SC phase on the overdoping side for the doping 



C. Hydrostatic vs Nonhydrostatic Pressure 

Although Daphne 7474 remains in a liquid state up to 
3.7 GPa at RT^ it eventually solidifies with decreasing 
temperature. We have therefore checked the hydrostatic- 
ity of the generated pressure at low temperatures by 
performing simultaneous resistivity measurements using 
two Manganin wires and two EuFe2As2 crystals: Man- 
ganin # a and sample #1 are mounted parallel to the load 
axis, and Manganin # b and sample ^2 in the perpendicu- 
lar direction, as displayed in Fig. QJa) . Since a Manganin 
wire is highly sensitive to nonhydrostatic pressure, two 
sets of Manganin wires aligned as Manganin # a and #b 
are often used to estimate the degree of hydrostaticity 
of a pressure medium4£ When the pressure medium be- 
comes nonhydrostatic, the resistance change ratio AR 
[=(R — Rq)/Ro (i?o : resistance at ambient pressure)] is 
expected to deviate significantly from each other. In the 
case of Daphne 7474, as seen in the upper inset of Fig. [5j 
AR for Manganin #a and #6 estimated at 4.2 K is al- 
most identical up to the investigated highest pressure of 
2.6 GPa (>P C ). This indicates that the low-temperature 



FIG. 6: (Color online) pvsT of EuFe2As2 at several pressures 
up to 3.2 GPa for samples # 4 (a) and *5 (b), simultaneously 
measured using a Stycast 1266 pressure medium. Samples # 4 
and *5 are aligned parallel and perpendicular, respectively, 
to the load direction as in Fig.QJb). (c) and (d) show the low- 
temperature expanded views for samples *4 and *5, respec- 
tively, (e) Pressure evolutions of Tn and T° n for samples *4 
(A) and #5 (□). For comparison, T N (■) and T° n (O) ob- 
tained using Daphne 7474 pressure medium for the samples *T 
and *3 are also shown. A shaded area represents a SC phase 
where the resistivity is zero under hydrostatic pressure. 



pressure produced via the Daphne 7474 pressure medium 
is satisfactorily hydrostatic up to at least 2.6 GPa, where 
the P-induced superconductivity shows up in EuFe2As2- 

The main panel of Fig. [5] shows p(T) data of EuFe2As2 
for samples #1 (circle symbols) and #2 (dotted curves) up 
to 2.6 GPa. For clarity, the data are arbitrarily shifted 
in the longitudinal direction. The pressure evolutions of 
the two p(T) curves are similar to each other, as can also 
be inferred from the phase diagram in Fig. 21 suggesting 
no significant nonhydrostatic pressure effect. The small 
difference between the data is likely attributed to the 
sample dependence. 

Finally, we discuss the effects of nonhydrostatic pres- 
sures with uniaxial-likc strain components on the SC 
phase diagram of EuFe2As2. Figure [S] shows p(T) data 
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of EuFe2As2 at several pressures up to 3.2 GPa for the 
samples (a) #4 and (b) #5, simultaneously measured 
using Stycast 1266 (cured by Catalyst) as a solid pres- 
sure medium. Samples ^4 and ^5 are mounted paral- 
lel and perpendicular, respectively, to the load axis [see 
Fig.QJb)]. In this setup, samples #4 and #5 are expected 
to receive a uniaxial-like strain more on the a&-plane and 
c-axis directions, respectively, as in the illustrations^ 
Interestingly, application of 0.2 GPa at RT (P = 0GPa 
data) produces contrasting p(T) curves between the two 
different alignments, although p(T) curves at higher pres- 
sures are qualitatively similar to each other. For both 
cases, the resistive transition associated with To is rapidly 
broadened with increasing pressure, which makes it dif- 
ficult to unambiguously determine To values. However, 
it is noted that a convex curvature associated with To is 
still observable at 3.2 GPa for both samples. 

As shown in Figs. [6jb) and (d), p(T) curves for two 
alignments show partial SC transitions below T c on ~ 30 K 
with reentrant-like behavior near Tn but never reach 
zero resistivity, in a wide pressure range from 1 . 1 GPa 
to 3.2 GPa. The result is similar to that obtained us- 
ing silicon oil— and Daphne 7373— pressure media. It is 
found that the uniaxial-like strain parallel to the c-axis is 
more detrimental to the superconductivity than that par- 
allel to the a&-plane, since the drop in resistivity below 
T° n is more salient with a much smaller residual resistiv- 
ity for the latter case. This may relate to the fact that 
the convex curvature due to To is more suppressed when 
the uniaxial-like strain is applied parallel to the a&-plane. 
Thus, a suppression of To could be an important key to 
stabilizing the superconductivity. Indeed, bulk supercon- 
ductivity with zero resistivity emerges with a complete 
suppression of To in the case of Daphne 7474. 

Figure [(Je) illustrates the pressure evolutions of Tn 
and T° n for samples #4 and #5 (Stycast 1266) up to 
3.2 GPa. For comparison, Tn and T° n obtained using 
Daphne 7474 pressure medium for the sample #3 are also 
shown. The shaded area corresponds to the SC phase 
under hydrostatic pressure where the SC transition at- 



tains zero resistivity, indicative of bulk superconductiv- 
ity. Notably, Tn for all the samples exhibits quite similar 
pressure evolutions with a moderate increase, indepen- 
dently of the pressure medium and of the direction of 
uniaxial-like strain. On the other hand, the phase dia- 
gram obtained via Stycast 1266 is crucially different from 
that via Daphne 7474, in terms of the superconductivity. 
When Stycast 1266 is used, an onset of the SC transition 
can be found from a lower pressure of 1.1 GPa (compared 
with 1.9 GPa in the case of Daphne 7474), and resistiv- 
ity does not reach zero up to 3.2 GPa. These facts indi- 
cate that nonhydrostatic pressure can induce a partial SC 
transition at low pressures but is detrimental to the bulk 
superconductivity, whereas it has no significant effect on 
the AF order of the Eu 2+ moments. 

IV. SUMMARY 

High-pressure resistivity measurements up to 3.2 GPa 
have been performed on EuFe2As2 single crystals to es- 
tablish the phase diagrams of the P-induced supercon- 
ductivity. We have found that a sharp SC transition 
to zero resistivity, indicating bulk superconductivity, ap- 
pears in a limited pressure range of 2.5 GPa (~P C ) to 
~ 3.0 GPa, with a complete suppression of To by ap- 
plying hydrostatic pressure using Daphne 7474 pressure 
medium. By contrast, application of nonhydrostatic 
pressure produced via Stycast 1266 brings only a partial 
SC transition without zero resistivity in a broad pressure 
range for P > 1 . 1 GPa. It is also found that the AF order 
of the Eu 2+ moments persists up to the highest measured 
pressure of 3.2 GPa with a moderate increase in Tn, in- 
dependently of the hydrostaticity of applied pressure. 
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